INTRODUCTION {#sec1}
============

Colorectal cancer (CRC) is the third most common cancer type worldwide. Globally, it accounts for 1.2 million of new diagnoses and 600,000 deaths every year (1). The five-year survival is about 50--59% and depends on the geographic region and economic development of the country. In Lithuania CRC is the second most common cancer type with 3--6% increasing morbidity each year (2). According to the EUROCARE-5 data CRC survival rates in Lithuania are much worse than the European average (3).

Despite high morbidity, a survival improvement tendency is noticed worldwide over the past 10 years. It is associated with new active chemotherapeutic drugs and targeted agents. Doublet or triplet combinations of chemotherapy agents and biologics increase survival of metastatic CRC to 30 months. Unfortunately, new anticancer agents increase toxicity and treatment costs and not all the patients benefit from these treatments. Understanding biology and molecular mechanisms of disease and drug resistance could help in predicting treatment efficacy.

RAS/RAF/MAPK and PI3K/AKT/MTOR are two major intracellular signaling pathways involved in proliferation, adhesion, angiogenesis, migration and survival. Activation of these pathways is common in CRC and mostly associated with KRAS, NRAS, BRAF and PIK3CA mutations (4, 5). Several studies revealed KRAS as an independent predictor of relapse and death (6--9). BRAF mutation was associated with a distinct tumour phenotype and more aggressive disease (10, 11).

KRAS and NRAS mutations were associated with a worse response to anti-EGFR therapy and treatment outcomes (12--14). Also they have been investigated as potential predictive markers of the response to bevacizumab or oxaliplatin, but results are controversial (8, 9, 15--17).

Recently, it was reported that the KRAS, BRAF, NRAS and PIK3CA mutation analysis gives additional prognostic information. According to the mutation status patients were divided into 4 groups, with the worse prognosis in the BRAF and KRAS mutation group and the best prognosis in all genes wild type group (18). This kind of the expanded mutation analysis also provides an additional predictive value for anti-EGFR therapy (19). There is limited information regarding the role of the mentioned mutations in predicting bevacizumab or oxaliplatin efficacy.

So far, KRAS and NRAS mutations are the only approved predictive markers for metastatic colorectal cancer. These mutations predict efficacy of anti- EGFR therapy, but still there are no validated predictive markers for one of the most common treatment combinations of oxaliplatin based chemotherapy and bevacizumab.

The aim of our study was to evaluate the incidence of KRAS, NRAS, BRAF and PIK3CA mutations in metastatic colorectal cancer patients receiving first line oxaliplatin based chemotherapy with or without bevacizumab and to evaluate their prognostic and predictive significance.

MATERIALS AND METHODS {#sec2}
=====================

Patients {#sec2_1}
--------

55 patients with first-time diagnosed metastatic colorectal cancer participated in a prospective observational study conducted in the National Cancer Institute (Lithuania) in 2011--2014. All the patients had histological confirmed adenocarcinoma, tumour samples were obtained by a primary tumour removal operation or biopsy before starting chemotherapy. The patients received FOLFOX4 chemotherapy (oxaliplatin 85 mg/m^2^ iv infusion on day 1, calcium folinate 200 mg/m^2^ iv infusion on days 1--2, 5-fluorouracil 400 mg/m^2^ bollus on days 1--2 and 5-fluorouracil 600 mg/m^2^ 22-hour continuous iv infusion on days 1--2; repeated every 2 weeks) with or without bevacizumab (5 mg/kg iv infusion every 2 weeks) until disease progression or an unacceptable toxicity according to the institutional guidelines. Treatment efficacy was evaluated every 2 months by a CT (computer tomography) scan according to the RECIST 1.1 criteria. After completing the treatment, patients were followed up for progression or survival every 3 months.

The study has been approved by the Regional Biomedical Research Ethics Committee and performed in accordance with the Helsinki Declaration. All patients signed an informed consent before entering the study. Tumour samples were analyzed in the National Pathology Center, Affiliate of Vilnius University Hospital Santariškių Clinics (Lithuania) and the Laboratory of Molecular Medicine of Hematology, Oncology and Transfusiology Center of Vilnius University Hospital Santariškių Clinics (Lithuania), and all were blinded to treatment allocation and outcomes.

DNA extraction and mutation analysis {#sec2_2}
------------------------------------

Formalin-fixed paraffin-embedded (FFPE) tumour tissue blocks were selected by a histopathologist ensuring the presence of at least 50% tumour cells. From the selected FFPE tumour block 4--5 sections of 5 µm thickness were obtained and processed for genomic DNA extraction using the Maxwell^®^ 16 FFPE Plus LEV DNA Purification Kit (Promega). KRAS, NRAS, BRAF and PIK3CA mutations were analysed using PCR (Maxima Hot Start PCR Master Mix (2X) kits according to manufacturer's protocols). The primers sequences used for PCR are presented in [Table 1](#T1){ref-type="table"}. The purified PCR products were sequenced using the BigDye^®^ Terminator v1.1 Cycle Sequencing Kit and analysed by an ABI PRISM^®^ 3100 Genetic Analyzer, ContigExpress (Vector NTI).

CEA and CA 19--9 analysis {#sec2_3}
-------------------------

Blood samples were taken before starting chemotherapy. The level of CEA and CA 19--9 was evaluated by enzyme-linked immunosorbent assay (ELISA) using CUSABIO (China) kits according to the manufacturer's recommendations. Normal CEA value ranges were considered less than 5 µg/l and for CA 19--9 less than 37 kIU/l.

Statistical analysis {#sec2_4}
--------------------

Descriptive statistics were used to describe demographic characteristics. A non-parametric Wilcoxon test was used to evaluate the differences between the two independent data sets because data was not normally distributed. The differences between the two independent qualitative data groups were evaluated by a Chi-square or Fisher exact test. Risk factors for PFS and OS were assessed by a Cox regression analysis. Survival trends were evaluated by the Kaplan--Meier method. A log-rank test was used to evaluate the difference between Kaplan--Meier curves. Progression free survival (PFS) was calculated as the time from the first day of treatment to the first date of disease progression or the day of a confirmed new tumour or death. Overall survival (OS) was calculated as the time from the first day of treatment to death. If during the last visit to the clinician there was no evidence of disease progression or a new tumour, the date was confirmed as censored. A two-tailed p-value less than 0.05 was considered to be significant. A statistical analysis was performed using the Statistical Analysis System (SAS) package version 9.2.

###### 

The primers sequences used for PCR

  Gene     Exon   Primer 5'-3'                    
  -------- ------ ------------------------------- ------------------------------
  KRAS     2      GGTACTGGTGGAGTATTTGATAGTGT      GCAGGACCATTCTTTGATACAGA
           3      CTTTGGAGCAGGAACAAT GTCT         GGGGAGGGCTTTCTTTGTGTA
           4      GTGTTACTAAT GACT GTGCTATAAC     GATTAAGAAGCAATGCCCTCTC
  NRAS     2      AT GTGGCT CGCCAAT TAACC         TCCGACAAGT GAGAGACAGGA
           3      CACACCCCCAGGATTCTTACA           TCCTTT CAGAGAAAATAATGCTCCT
           4      CCCGTTTTTAGGGAGCAGA             GAATAT GGAT CACATCTCTACCAGAG
  PIK3CA   9      CCTGTCTCTGAAAATAAAGTCTTGC       AAAAGCATTTAATGTGCCAACGACC
           20     TCGACAGCATGCCAAT CTCT           CT GAGAGTTAT TAACAGTGCAGT G
  BRAF     15     TCTTCATAAT GCTT GCTCT GATAGGA   CCCTGAGATGCTGCTGAGTT

RESULTS {#sec3}
=======

During 2011--2014, 55 patients with first-time diagnosed metastatic colorectal cancer were included into the study. The median age was 63 years (range 44--76). There were 29 (52%) males and 26 (48%) females. 35 (64%) of tumours were located in the colon and 20 (36%) in the rectum. The histological type in 44 (80%) of the cases was adenocarcinoma, and in 11 (20%) it was adenocarcinoma with mucinous differentiation. 49 (89%) of the tumours were medium grade, 1 (2%) were low grade and 5 (9%) were high grade. All the patients had metastases in the liver, and for 21 (38%) of the patients it was the only site of the metastases. 38 (69%) of the patients had synchronous metastases, and in 49 (89%) a primary tumour was removed. 14 (25%) of the patients underwent liver resection. The median number of chemotherapy cycles was 8. Bevacizumab was administered to 29 (53%) of the patients.

Distribution according to the site of mutations and their incidence is presented in [Table 2](#T2){ref-type="table"}. KRAS mutations were detected in 37 (67.3%) of the patients, exon 2 in all cases, with codon 12 as the most frequent site. One patient had simultaneous KRAS mutations in exon 2 (G13D) and exon 3 (R68S), it accounted for 1.8% prevalence of exon 3 mutations. Other mutations were less frequent: 1 BRAF exon 15 mutation (1.8%), 3 PIK3CA mutations all were detected in codon 9 (5.5%) and there were no NRAS mutations. Two of the patients with PIK3CA mutations also had KRAS codon 12 mutations, BRAF and KRAS mutations were mutually exclusive. Taken together, it accounted for 16 (29.1%) of multigene wild type patients.

###### 

Frequency and types of tested mutations

  Gene        Status      Exon   Codon   Number   \%     \%
  ----------- ----------- ------ ------- -------- ------ -----
                                 G12A    3        5.5    
                                 G12C    3        5.5    
                          2      G12D    10       18.2   
              Mutant      G12S   4       7.3      67.3   
  KRAS                    G12V   11      20.0            
                                 G13D    6        10.9   
                          3      R68S    1        1.8    
                          4              0        0      
              Wild Type          18      32.7     32.7   
                          2              0        0      
  NRAS        Mutant      3              0        0      0
              4                  0       0               
              Wild Type                  55       100    100
  BRAF        Mutant      15     V600    1        1.8    1.8
  Wild Type               54     98.2    98.2            
  PIK-3CA     Mutant      9      E545K   3        5.5    5.5
              20                 0       0               
  Wild Type               52     94.5    94.5            

Mucinous differentiation of adenocarcinoma was significantly associated with the KRAS mutant type (*p* = 0.010). More KRAS mutated tumours were detected in the colon (especially the right side), but the difference was not significant. There was a non-significant association between 12 codon mutations and lung metastases: 42% of patients with codon 12 mutations and no patients with codon 13 mutations developed lung metastases. There were no significant associations with other clinical and pathological features ([Table 3](#T3){ref-type="table"}).

A significant association between the high CA 19--9 level and KRAS mutation was detected ([Fig. 1](#fig1){ref-type="fig"}). The mean CA 19--9 level in the KRAS mutant patients' group was 276 kIU/l compared to 87 kIU/l in the KRAS wild type patients' group, *p* = 0.019). The mean CEA level in KRAS mutant patients' group was 235 µg/l compared to 37 µg/l in the KRAS wild type patients' group, but the difference was not significant, *p* = 0.344, because data was not normally distributed.

Based on the response to the treatment patients were divided into 2 groups: responders (complete and partial response; 32 patients, 58%) and non-responders (stable and progressive disease; 23 patients, 41%). The response rate was counted as a percentage of the patients that achieved a partial or complete response. The patients with KRAS wild type tumours had better response rates (percentage of patients with achieved complete and partial response) compared to the patients with KRAS mutant tumours (72 and 51%, respectively, *p* = 0.160) ([Fig. 2A, B](#fig2){ref-type="fig"}). Similar results were obtained in all gene (KRAS, BRAF and PIK3CA) wild type group compared to any gene mutant (75 and 51%, respectively, *p* = 0.138). Both results were not significant.

A trend toward better response in bevacizumab receiving KRAS wild type patients compared to MT was observed (91 and 61%, respectively, *p* = 0.11). All gene wild type patients had a significantly better response than any gene mutant patients (100 vs 60%, respectively, *p* = 0.030) ([Fig. 2C, D](#fig2){ref-type="fig"}). There were no differences in the rates of response to FOLFOX4 regarding KRAS and any gene mutations.

The median observation time was 18 months (range 3--57 months) for all patients, PFS was 8 months (95% CI 6--10 months), and OS was 18 months (95% CI 18--26 months). The Kaplan-- Meier analysis revealed that bevacizumab significantly prolonged PFS an OS. The median PFS in the group of patients receiving bevacizumab was 10 months (95% CI 7--13 months) compared to 6 months (95% CI 5--7 months) in the group of patients not receiving bevacizumab, *p* = 0.001. The median OS was 24 months (95% CI 15-- 33 months) and 13 months (95% CI 9--17 months), respectively, *p* = 0.053 ([Fig. 3A, B](#fig3){ref-type="fig"}). Neither KRAS nor other mutations did influence the progression free survival (PFS) or the overall survival (OS) irrespectively of the treatment arm ([Fig. 3C, D](#fig3){ref-type="fig"}).

###### 

The association of KRAS and all gene (KRAS, BRAF, NRAS, PIK3CA) mutations with clinical and pathological characteristics

  Characteristic            N    KRAS   All genes                     
  ------------------------- ---- ------ ----------- ------- ---- ---- -------
  Age                                                                 
  \<65                      29   20     9           1.000   22   7    0.393
  ≥65                       26   17     9           17      9         
  Gender                                                              
  Female                    26   20     6           0.166   20   6    0.352
  Male                      29   17     12          19      10        
  Location                                                            
  C18-19                    35   25     10          0.358   26   9    0.466
  C20                       20   12     8           13      7         
  Side                                                                
  Right                     12   10     2           0.289   10   2    0.284
  Left                      43   27     16          29      14        
  Type of adenocarcinoma                                              
  Adenocarcinoma            44   26     18          0.010   28   16   0.023
  Mucinous                  11   11     0           11      0         
  Tumour budding                                                      
  Yes                       21   15     6           0.606   16   5    0.498
  No                        34   22     12          23      11        
  Extrahepatic metastases                                             
  Yes                       34   23     11          0.938   25   9    0.586
  No                        21   14     7           14      7         
  Lung metastases                                                     
  Yes                       20   13     7           0.786   15   5    0.614
  No                        35   24     11          24      11        
  Peritoneal metastases                                               
  Yes                       8    5      3           0.756   6    2    0.783
  No                        47   32     15          33      14        
  Lymphnode metastases                                                
  Yes                       12   7      5           0.455   8    4    0.714
  No                        43   30     13          31      12        
  Treatment arm                                                       
  FOLFOX4                   26   19     7           0.389   19   7    0.738
  FOLFOX4 + bevacizumab     29   18     11          20      9         

![Differences of CA 19--9 and CEA levels depending on the KRAS status. CA 19--9 level depending on the KRAS status (A); CEA level depending on the KRAS status (B)](aml-23-024-g001){#fig1}

![Overall response rates according to the mutation status and treatment group. Response rates in all study population according to the treatment arm (A); Response rates in all study population according to the KRAS and multigene (KRAS, NRAS, BRAF, PIK3CA) mutation status (B); Response rates in the patients' group receiving bevacizumab according to the KRAS and multigene (KRAS, NRAS, BRAF, PIK3CA) mutation status (C); Response rates in the patients' group not receiving bevacizumab according to the KRAS and multigene (KRAS, NRAS, BRAF, PIK3CA) mutation status (A)](aml-23-024-g002){#fig2}

The univariate Cox regression analysis revealed that bevacizumab was associated with longer PFS (*p* = 0.0016, HR 2.575, 95% CI 1.431--4.636) and OS (*p* = 0.0624, HR 0.539, 95% CI 0.282--1.032). The multivariate analysis confirmed bevacizumab as an independent prognostic factor for better PFS (*p* = 0.0163, HR 2.081, 95% CI 1.144--3.783), but not OS. The univariate Cox regression analysis did not confirm KRAS and other tested mutations as prognostic factors for PFS or OS.

DISCUSSION {#sec4}
==========

RAS/RAF/MAPK and PI3K/AKT/MTOR are two major intracellular signaling pathways involved in proliferation, adhesion, angiogenesis, migration and survival. Activation of these pathways is common in CRC and mostly associated with KRAS, NRAS, BRAF and PIK3CA mutations. The reported KRAS mutation prevalence in metastatic CRC patients is 40--55%, with the following distribution observed: KRAS exon 2 (43%), KRAS exon 3 (4%), KRAS exon 4 (6%) (18, 20). The reported incidence of NRAS mutations is 3--5%, BRAF 5--15%, and PIK3CA 15--20% (18).

We have determined KRAS mutations in 67.3% of cases, all in exon 2, with the dominant 12 codon (84% of all KRAS mutations). One patient had simultaneous KRAS mutations in exon 2 (G13D) and exon 3 (R68S) and it accounted for 1.8% prevalence of exon 3 mutations. We did not detect any KRAS mutation in exon 4. The determined prevalence of KRAS mutations is much higher than that reported in the literature and distribution of the mutations is slightly different. Such a high incidence of the KRAS mutation could be influenced by the selected patient population with advanced disease and liver metastases. Absence of KRAS exon 4 and NRAS mutation as well as a low BRAF and PIK3CA mutations rate are contradictory. On the one hand, it might have been influenced by the high KRAS mutation rate, taken into account that NRAS, BRAF and KRAS mutations are mutually exclusive. On the other hand, it could be influenced by a small sample size, the peculiarity of the Lithuanian population or methodological issues (lower sensitivity of Sanger sequencing compared to other methods, such as pyrosequencing, locked nucleic acid (LNA) PCR assay or mutant-enriched PCR, for low frequency RAS mutations) (21--23).

![Kaplan--Meier plots of PFS and OS according to the treatment arm and KRAS, NRAS, BRAF and PIK3CA gene status. PFS according to the treatment arm: the median PFS in the group of patients receiving bevacizumab was 10 months (95% CI 7--13 months) compared to 6 months (95% CI 5--7 months) in the group of patients not receiving bevacizumab, *p* = 0.001 (A). The median OS in the group of patients receiving bevacizumab was 24 months (95% CI 15--33 months) compared to 13 months (95% CI 9--17 months) in the group of patients not receiving bevacizumab, *p* = 0.053 (B). The median PFS of bevacizumab receiving patients in the multigene wild type group was 11 months (95% CI: 7--15) compared to 9 months (95% CI: 7--11) in the multigene mutant group, *p* = 832 (C). The median OS of bevacizumab receiving patients in the multigene wild type group was 32 months (95% CI: 20--44) compared to 23 months (95% CI: 8--38) in the multigene mutant group, *p* = 852 (D)](aml-23-024-g003){#fig3}

As reported in the literature (24), in our study KRAS mutations were more frequently observed in the tumours with mucinous differentiation. Also there were significantly higher levels of CA 19--9 in KRAS mutant patients. CEA levels in KRAS patients were also higher, but the difference was not significant. There were only a couple of similar reports published so far. Narita et al. reported that KRAS and BRAF mutations in the tumour tissue are associated with elevated CA 19--9 levels (25). Trevisiol et al. indicated that the serum KRAS gene mutation status was significantly associated with preoperative CA 19--9 levels (26). Data regarding the association between KRAS mutations and the elevated CEA level is still controversial (27, 28). The pattern of possible influence of the KRAS mutation on CA 19--9 excretion has not been well established yet. Considering the negative prognostic value of mucinous hystology and high CEA and CA 19--9 levels, once again we show the association of KRAS mutation with a more aggressive tumour phenotype.

RAS/RAF/MAPK and PI3K/AKT/MTOR path- ways are involved in angiogenesis (29), and this gives the potential of RAS, BRAF and PIK3CA mutations to predict the efficacy of antiangiogenetic therapy. It is supposed that the KRAS mutation might activate angiogenesis in several ways: by increasing production of VEGF and CXCL-8 (proangiogenetic interleukin 8) and by activating growth of the tumour cells (30, 31). Petrelli et al. published a metha-analysis of 12 studies involving 2,266 patients (9) revealing a negative impact of KRAS mutation on the response rate (48.3 vs 54.8%, HR, 1.42; 95% CI, 1.05--1.92; *p* = 0.02), progression free survival (9.42 vs 11.8 months, HR, 0.85; 95% CI, 0.74--0.98; *p* = 0.02) and overall survivall (20.2 vs 24.5 months, HR, 0.65; 95% CI, 0.46--0.92; *p* = 0.01). Researches concluded that the absence of KRAS mutation could be considered as a predictor of better response (9). On the other hand, a retrospective analysis of the Czech population registry CORRECT did not show any influence of KRAS exon 2 mutations on the results of first line bevacizumab combinations with chemotherapy (32). Bruera et al. have reported the possible impact of the KRAS genotype on angiogenesis and a significantly shorter survival of the patients with G12D mutation receiving bevacizumab (33).

We have determined a better response rate in the FOLFOX4 and bevacizumab group compared to that in the FOLFOX4 group. The results were not significant, but they are in concordance with the metha-analysis reported by Petrelli. We did not find any influence of any specific codon mutation on the outcome. Taking in consideration data regarding the additional predictive value of other mutations (BRAF and PIK3CA) to anti-EGFR therapy (19), we have analysed their prediction and the prognostic value in our population. We have determined that 29.1% of the study population did not have mutations in any of the tested genes (KRAS, NRAS, BRAF or PIK3CA) and all these patients in the bevacizumab group achieved a partial or complete response. The difference in response rates in FOLFOX4 plus bevacizumab compared to only the FOLFOX group was significant (*p* = 0.03). We suppose that our results could show the potential predictive value of the extended mutation analysis of KRAS, NRAS, BRAF and PIK3CA genes, but also this hypothesis should be tested on larger patient population.

The prognostic role of KRAS mutations remains controversial. More than 20 reported trials did not show any prognostic significance, but some have the established negative prognostic value of KRAS mutations on the progression free survival (6, 8, 9), overall survival (6, 9) or early recurrence after liver surgery for metastases (34). BRAF mutations are not only associated with a more aggressive tumour phenotype, but are also found to be an independent negative prognostic marker for the overall survival (10, 11, 35).

Foltran et al. (18) reported that simultaneous testing for KRAS, BRAF, NRAS and PIK3CA mutations can help more accurately predict survival. They devided patients into four groups with significantly different survival results: the worse prognosis in the BRAF and KRAS mutation group (OS median 7.6 months) and the best prognosis in the all genes wild type group (OS median 27.7 months).

In our study, despite the longer median overall survival of bevacizumab receiving patients in the all genes wild type group compared to that of any gene mutant group (23 months, 95% CI: 8--38; and 32 months, 95% CI: 20--44, respectively), the difference was not significant. We did not confirm the prognostic value of the tested mutations irrespectively of the treatment arm.

There were several methodological limitations of the present study. First, we have selected patients with liver metastases, some of them did undergo liver resection but some also had extrahepatic disease, which could determine differences in survival. Second, a small sample size and single-center population might have also influenced the results. Our analysis was explorative and hypothesis generating and should be analyzed in a larger cohort.

CONCLUSIONS {#sec5}
===========

Our study revealed higher KRAS and lower NRAS, BRAF and PIK3CA mutation rates in the Lithuanian population than those reported in the literature. The KRAS mutation was associated with the high CA 19--9 level and mucinous histology type, but did not show any predictive or prognostic significance. The expanded KRAS, NRAS, BRAF and PIK3CA mutation analysis provided additional significant predictive information.
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